WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 




(11) International Publication Number: 


WO 95/18783 


C07C 59/147, 51/373, 69/716, 67/347, 
255/17 


Al 


(43) Inteniatianal Publication Date: 


13 July 1995 (13.07.95) 



(21) International Application Number: PCT/NL95/0CX)07 

(22) International Filing Date: 5 Januaxy 1995 (05.01.95) 



(30) Priority Data: 
9400018 
9400017 



7 January 1994 (07.01.94) BE 
7 January 1994 (07.01.94) BE 



(71) Applicants (for all designated States except US): DSM N.V. 

[NL;NL]; Het Overloon 1, NL-6411 TE Heerlen (NL). E.I 
DU PONT DE NEMOURS AND COMPANY [US/US]; 
1007 Market Street, Wilmington, DE 19898 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GELLING, Onko, Jan 
[NL^NLJ; Maaslaan 62. NL-6163 KL Geleen (NL). TOTH, 
' Imre [HU/NL]; Henri Hermanslaan 48, NL-6162 GH Geleen 
(NL). 

(74) Agent: HOOGSTRATEN, WiUem. Comelis, Roeland; Oc- 
trooibureau DSM, P.O. Box 9, NL-6160 MA Geleen (NL). 



(81) Designated States: CA, CN, JP, KR, US, European patent (AT, 
BE, CH. DE, DK, ES, FR, GB, GR. IE, IT, LU, MC, NL, 
PT, SE). 



Published 

With international search report. 



(54) Titte: PROCESS FOR THE PREPARATION OF A LINEAR FORMYL COMPOUND 
(57) Abstract 

Process for the preparation of a linear w-formyl-carboxylic acid or a corresponding linear fonnyl-nitrile compound starting from an 
internally unsaturated C4-C12 carboxylic acid or a corresponding ester or nitrile by means of hydroformylation in the presence of carbon 
monoxide, hydrogen and a catalyst system, wherein the hydroformylation is carried out in an aqueous mecUum and in that the catalyst 
system comprises platinum and a water-soluble organic bidentate ligand. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


G£ 


Georgia 


MW 


Malawi 


BB 


Baibados 


GN 


Guinea 


N£ - 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Bmlcina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


nv 


Russian Fedexatioa 


CF 


Central African Repablic 


KP 


Democraiic People's Repablic 


SD 


Sudan 


CG 


Congo 




of Korea 


S£ 


Svt/edsn 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cate d'lvoire 


KZ 


Kaz^distan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


cs 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


D£ 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmaifc 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


n 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











wo 95/18783 PCT/NL95/00007 

- 1 - 

PROCESS FOR THE PREPARATION OF A LINEAR FORHYL COMPOUND 

5 

The invention relates to a process for the 
preparation of a linear oj-f ormylcarboxylic acid or a 
corresponding linear f ormylnitr ile compound starting from 
an internally unsaturated C^-C^2 carboxylic acid or a 

10 corresponding ester or nitrile by means of hydro- 

formylation in the presence of carbon monoxide, hydrogen 
and a catalyst system. 

To prepare linear (terminal) aldehyde compounds 
with a high selectivity by hydrof ormylation starting from 

15 internally unsaturated compounds is difficult. With 

internally unsaturated is meant that the unsaturated bond 
is not terminally situated in the chain of carbon atoms. 
This problem of the low selectivity of linear formyl 
(aldehyde) compounds starting from internally unsaturated 

20 compounds is described in US-A-4801738 . That patent 

specification describes a process in which an internally 
unsaturated pentenoate ester is first isomerized to a 
terminally unsaturated compound (4-pentenoate ester) prior 
to hydrof ormylation with a rhodium/tr iphenylphosphine 

25 complex in a toluene solvent. Isomer izat ion of the 
internally unsaturated compound to the terminally 
unsaturated compound is necessary because, otherwise, the 
selectivity for the terminal (linear) formyl compound (5- 
formyl valerate ester) would be undesirable low. This 

30 process is disadvantageous because of the .extra 
isomer izat ion step. 

The object of the invention is to provide a 
process whereby an internally unsaturated carboxylic acid 
or a corresponding ester or nitrile can be hydrof ormylated 

35 to a linear formyl compound with a high selectivity and 
with a simple process. 
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This object is achieved in that the 
hydroformylation is carried out in an aqueous medium and 
in that the catalyst system comprises platinum and a 
water-soluble organic bidentate ligand. 
5 It has been found that, if these linear formyl 

compounds are prepared using the process of the invention, 
the desired product can be prepared with high selectivity 
and in a single process step. A further advantage of this 
process is that the selectivity for the total of aldehydes 
10 (linear and branched aldehydes) is high. Branched 

aldehydes may be a useful by-product or may advantageously 
be converted into the starting material by means of 
decarbonylation. Loss of product is thus avoided by 
converting the (undesired) branched aldehydes into the 
15 starting material (as described in EP-A-295551 for the 
preparation of 5-f ormyl-valerate ester). 

A further advantage is that the formyl 
carboxylic acid or the formylnitrile compound can readily 
be separated from the catalyst system by for example 
20 extraction with a less polar solvent than water. The 

catalyst system will remain in the water phase and can 
advantageously be reused in a next hydroformylation. 

Furthermore, it can be advantageous that an 
amount of dicarboxylic acids is formed as by-product, when 
25 starting from the carboxylic acid or ester. The 

dicarboxylic acids often are useful by-products with many 
applications. A case in point is adipic acid, which is 
formed as a by-product when an internally unsaturated 
pentenoic acid (or pentenoate ester) is reacted according 
30 to the invention. 

The internally unsaturated €4-012 organic nitrile 
compound which can be hydrof ormylated with the process 
according to the invention is a linear compound. Examples 
of suitable compounds are 2-butenenitr ile , 2-pentene- 
35 nitrile, 3-pentenenitr ile, 4-hexenenitr ile, 3-hexene- 
nitrile, 2-hexenenit r ile or 9-undecanenitr ile. 

The carboxylic acid which can be hydrof ormylated 
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with the process according to the invention contains, 
apart from the carboxyl group or ester group, from 4 to 12 
carbon atoms. Examples of suitable internally 
ethylenically unsaturated carboxylic acids are 2-butenoic 
5 acid, 2- and 3-pentenoic acid, 2-, 3- and 4-hexenoic acid, 
5-heptenoic acid, 5- and 6-octenoic acid, Q-undecenoic 
acid and polyunsaturated acids such as 2 , 4~hexadienoic 
acid and 2 , 4-pentadienoic acid. 

The carboxylic acid ester used as starting 

10 material for the process according to the invention is as 
a rule an alkylester, an aryl ester or an aralkyl ester of 
for example the above mentioned carboxylic acids. The 
alkyl ester group may have 1 to 8 carbon atoms, the aryl 
ester group or aralkyl ester group may have 6 to 12 carbon 

15 atoms. . Examples of suitable ester groups are methyl, 

ethyl, propyl, isopropyl, n-butyl , tert-butyl, isobutyl, 
cyclohexyl, benzyl and phenyl ester groups. The ester 
group will hydrolyze during the hydr of ormylat ion and the 
formyl carboxylic acid will be the primary product. 

20 Mixtures of the above-mentioned compounds can 

also be hydrof ormylated using the process of the 
invention. Examples of possible mixtures are mixtures of 
compounds in which the location of the unsaturated bond 
differs. Such mixtures may also contain terminally 

25 unsaturated compounds. Mixtures of carboxylic acids and 
carboxylic acid esters can also be hydrof ormylated with 
the process according the invention. Preferably the esters 
are derived from the same carboxylic acid as used as co- 
reactant. As a rule, said mixtures will contain at least 

30 20% internally unsaturated compounds relative to the total 
of unsaturated compounds. 

A preferred group of starting compounds is 
represented by the following formulas 

35 CH3^CH=CH-CH2-L (1) 



CH3-CH2-CH=CH-L 



(2) 
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in which L is 



-C-OH or 
II 
0 



M 

o 



5 in which is an alkyl group with 1 to 8 carbon atoms, an 
aryl group with 6 to 12 carbon atoms or an aralkyl group 
with 7 to 12 carbon atoms. Examples of are methyl, 
ethyl, propyl, isopropyl, n-butyl, tert-butyl, isobutyl, 
cyclohexyl, benzyl and phenyl. Preferably methyl, ethyl or 
10 phenyl are used. The resulting linear aldehyde compounds 
obtained when starting from the compounds of formula (1) 
or (2) can be advantageously used in a process to make 
Nylon-6 or Nylon-6.6 precursors. 



15 invention are the most pronounced when starting from 

compounds according to formula (1) or mixtures of starting 
compounds containing large amounts of compounds according 
to formula {!)• This is because compounds of formula (1) 
or these mixtures are easy obtainable starting from 

20 butadiene. Small amounts of terminally unsaturated 

compounds will as a rule be present in these mixtures. For 
example pentenoic acid can be prepared by hydroxy- 
carbonylat ing butadiene (in the presence of water and 
carbon monoxide) as described in EP-A-405433, a mixture of 

25 isomeric pentenoic acids is prepared, where the mixture 
consists primarily of 3-pentenoic acid and in small part 
of 4- and 2-pentenoic acid. By carbonylat ing butadiene 
with carbon monoxide and aii alcohol as described in, for 
example, EP-A-301450, a mixture can be prepared consisting 

30 (primarily) of the 3~pentenoate and 4- and 2-pentenoate. 
Pentenenitr iles may be prepared by the process as 
described in US~A-3496215 starting from butadiene. 



will be described in particular. However, the invention is 
35 therefore not limited to this starting compound. The 

conditions described below will also apply to the other 
starting materials mentioned above. 



The advantages of the process according to the 



Below the hydr of ormylat ion of pentenoic acid 
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As a rule, the water-soluble compound used as 
bidentate ligand.xnay be represented by the following 
general formula: 

5 R^R^-M^-R-M^-R^R* ( 3 ) 

where and represent a phosphorus (P) atom, an 
antimony atom or an arsenic atom, R represents a divalent 
organic bridging group having at least three atoms and 

10 where R^, R^, R^ and R* represent the same or different 

organic groups and where at least one hydrophilic group is 
substituted on R^, R^, R^, r« and/or R. It is preferred for 
and to be phosphorus (P) atoms. 

The hydrophilic group may be any group which 

15 increases the solubility of the organic bidentate ligand 
in water. This hydrophilic group may be a very polar 
group, for example amine derivatives, for example 
dialkylamine groups or more preferably an ionic group. The 
location of the hydrophilic group in the ligand compound 

20 is not critical. The hydrophilic group may be linked to 
the groups R^-R^ or to the bridging group R. 

Examples of suitable ionic hydrophilic groups 
are a sulphonate group, -SOjZ , a phosphonate group -PO3Z, a 
carboxylate group, -COOZ, or a cationic group of an 

25 ammonitim salt -N(R5)3Xr where Z represents a cationic 
group, R^ an aliphatic or aromatic hydrocarbon group 
having from 1 to 18 carbon atoms or hydrogen and X 
represents an anionic group. If the bidentate ligand 
contains aryl groups, for example for R^, R^, R^ and/or R*, 

30 the cationic group of an ammonium salt preferably is 

bonded to a non-aryl group in the bidentate ligand. These 
non-aryl groups can be the bridging group (R) or the non- 
aryl groups for R^-R*. Another example of a hydrophilic 
group is when a phenolate group Ar-OZ is present in the 

35 ligand. The Ar group may be any aromatic group R^, R^, R^, 
R* and/or R. 

Examples of suitable cationic groups (Z) are the 
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inorganic cations of metals, especially of alkali and 
earth alkali metals, for example sodium, potassium, 
calcium and barium as well as ammonium ions or quaternary 
ammonium ions, for example tetramethylammonium, 
5 tetrapropylammonium or tetrabutylammonium. 

Examples of suitable anionic groups (X) are 
halides, sulphate and phosphate groups and R^-SO^', R^-COa" 
and R^-POj' groups, where represents a Ci-C^j alkyl or 
C1-C12 aryl. 

10 As a rule, the number of hydrophilic groups is 

between 1 and 6. It is preferred for the number of groups 
to be between 1 and 4 per molecule of bidentate ligand. 

R^, R^, R^ and R* may be Ci-Cig (cyclo) alkyl 
groups or C5 -Cjo aryl groups. These groups preferably are 

15 aryl groups such as naphthyl, phenyl or a heterocyclic 
aryl group such as pyridyl. Examples of possible 
substituents are alkyl groups, for instance a methyl, 
ethyl or isobutyl group, alkoxy groups, for instance 
methoxy, ethoxy, isopropoxy and halides, 

20 Bridging group R may be an organic group with 3- 

30 carbon atoms* R may be a divalent €^-€^2 alkyl group, 
for example tr imethylene, tetramethylene, pentamethylene 
or hexamethylene. 

Examples of bidentate phosphine ligand compounds 

25 according to formula (3) without the hydrophilic group are 
1 , 3-bis (diphenyl-phosphino)propane , 1 , 4-bis (diphenyl- 
phosphino ) butane , 2 , 3-dimethyl-l , 4-bis (diphenylphosphino ) - 
butane, 1 , 4-bis (dicyclohexylphosphino)butane, 1 , 3-bis (di- 
p-tolyl-phosphino) propane, 1 , 4-bis (di-p-methoxyphenyl- 

30 phosphino) butane , 2 , 3-bis (diphenylphosphino)~2-butene, 
1 , 3-bis (diphenylphosphino)-2~oxopropane and 2-methyl~2- 
(methyldiphenylphosphino)-! , 3-di (diphenylphosphino)- 
propane. The above ligands, when substituted with one or 
more hydrophilic group, are examples of possible water- 

35 soluble bidentate ligand compounds used in the process 
according to the invention. 

Preferably the bridging group R forms a "rigid" 
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link between and M^. By a "rigid" link is meant a link 
that allows and little or no conf oriaat ional freedom 
relative to one another (comparable to a double bond, 
which also allows little conformational freedom) • It has 
5 been found that bidentate phosphine ligand compounds 

having a bridging group that allows more conformational 
freedom yield less favourable results. As a rule, the 
shortest distance between and is preferably formed by 
3, 4 or 5 atoms. These atoms may represent , besides 

10 carbon, a heteroatom such as the nitrogen, oxygen, sulphur 
and phosphor atoms. 

Example of suitable "rigid" bridging groups are 
divalent organic groups containing at least one cyclic 
group in the chain between and M^, which cyclic group 

15 may be aromatic. This cyclic group imparts the "rigid" 
properties to the bridging group and may possibly be 
linked to and/or via an alkyl group having from 1 to 
3 carbon atoms. An example of suitable bridging groups may 
be represented by the following general formula: 

20 

- R'' - Y - (4) 

where Y represents a hydrocarbon group, which group 
contains at least one cyclic structure (which cyclic 

25 structure imparts rigidity to the bridge group), the 

cyclic structure optionally being substituted and which 
hydrocarbon compound may contain heteroatoms such as 
oxygen, nitrogen, phosphorus and sulphur and where R'^ and 
R® may independently of one another be omitted or may 

30 independently of one another represent a C^-Cj alkyl ene 

group. As a rule, the cyclic structure will contain from 3 
to 20 atoms. and may be cis or trans to the rigid 
ring Y. If a group R^ and/or R® is/are present, it/they, 
too, may be cis or trans to the rigid bridge Y. 

35 An example of a bidentate phosphine having a 

cyclic structure in Y which contains a heteroatom is 2,3- 
o-isopropylidene-2,3-dihydroxy-l,4-bis(diphenylphosphino)- 
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butane (DlOP)r which is commercially available. Compounds 
derived from DIOP are also suitable. Another group of 
cyclic structures that are especially suitable for Y in 
formula III are cyclic alkanes such as cyclopropane , 
5 cyclobutane, cyclopentane and cyclohexane. Bridged 
cycloalkanes, too, are highly suitable to be used as 
cyclic group Y in formula III. Examples of such. bridged 
cycloalkanes are bicyclo[ 1 , 1 , 2 Jhexane, 
bicyclo[ 2 r 2,1] heptane and bicyclo[ 2 , 2 r 2 ]octane. 
10 The cyclic structure of Y may optionally be 

substituted with one or more aryl or alkyl groups and/or 
with other functional groups. The functional groups 
substituted on Y may also be hydrophilic groups which 
increases the solubility of the organic bidentate ligand 
15 used in the process according to the invention. The 

functional groups may optionally be used for immobilizing 
the bidentate phosphine on a carrier. Examples of these 
functional groups are, for instance, carbonyl, hydroxyl, 
amine and halide groups. 
20 Other suitable "rigid" bridging groups are 

divalent organic groups containing (at least) 2 coupled, 
preferably aromatic, ring systems. The two ring systems 
have a hindered rotation relative to one another, as a 
result of which the bridges possess 'rigid' properties. 
25 Such compounds are described in detail in, for instance, 
"Advanced Organic Chemistry, Reactions, Mechanisms and 
Structure", Jerry March, 4th ed. 1992, John Wiley & Sons, 
page 101. Examples of suitable coupled ring systems are 
biphenyl, binaphthyl and bipyridyl. An example of a 
30 bidentate phosphine with a "rigid" bridge group with 

coupled ring systems is 2 , 2 '-bis- (diphenylphosphino)-l , 1 
binaphthyl (BINAP), which is commercially available. The 
ring systems may be substituted in the same way as the 
cyclic structure Y described above. 
35 A completely different group of suitable "rigid" 

bridging groups R with cyclic compounds are bis(^i- 
cyclopentadienyl)- coordination compounds of metals (also 
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known as metal locenes } • A particularly suitable 
metallocene is ferrocene. 

Examples of suitable bidentate phosphines with 
rigid bridging groups (R) into which hydrophilic groups 
5 have not yet been incorporated are the earlier mentioned 
DIOP (A), bis{diphenylphosphine)f errocene (B) , trans-lr2- 
bis(di(m-methylphenyl )phosphinomethyl)cyclobutane (C) , 
trans- [ (bicyclo[ 2 .2 . 1 ]heptane-2 , 3-diyl ) bis (methylene) ]- 
bis [ diphenylphosphine] (D) , trans- [ (bicyclo[2.2.2]octane-- 

10 2 , 3-diyl )bis (methylene ) ] -bis [ diphenylphosphine] (E) r 

trans-1 , 2-bis (diphenylphosphinomethyl )cyclobutane (DPMCB) 
(F) , trans-1 r2~bis[ diphenylphosphinomethyl] trans-3 , 4- 
bis [ phenyl ]cyclobutane (G) and the earlier mentioned 
BINAP« (The letters in parentheses refer to the sheet of 

15 formulae • ) 

The hydrophilic groups can readily be linked to 
the above-mentioned compounds. Sulphonate groups, for 
instance y can be bonded to the ligand via sulphonation 
with the aid of SO3 in sulphuric acid. Carboxylate groups, 
20 phosphonate groups and cat ionic radicals of an ammonium 
salt can be incorporated using synthesis processes known 
in the art. 

Promoters are preferably added to the catalyst 
system to further improve the selectivity to linear 

25 products. These promoters are acids with an pKa < 2 

(measured at 18^C in an aqueous solution), preferably 
sulphonic acids, for example sulphonic acid, 
tr if luoromethane sulphonic acid, tert-butyl sulphonic acid 
or p-toluene sulphonic acid. The molar ratio of acid to 

30 platinum may be between 1:1 and 30:1 and preferably 
between 1:1 and 10:1. 

Platinum or the platinum compound can be applied 
in a homogeneous system or a heterogeneous, immobilized 
system. Homogeneous systems are preferred. Since platinum 

35 forms a complex with the bidentate compound in situ, the 
choice of an initial Pt compound is not generally 
critical. Suitable platinum compounds are for example 
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salts of platinum with, for instance , hydrogen halides, 
nitric acid, sulphonic acid and carboxylic acids having 
not more than 12 carbon atoms per molecule. Examples of 
such salts are PtCl^, PtCAcAc)^ (AcAc= acetylacetonate) , 
5 CODPtClj (COD= cyclooctadiene) , Pt (CH3CN)4 {BF4)2 and 
CODPt (AcAc)BF4. 

The aqueous medium is as a rule water i. Next to 
water other solvents may optionally be present- Examples 
of other solvents are dimethyl formamide, tetrahydrofuran, 
10 benzonitril and acetonitril. 

The temperature of the hydrof ormylation is as a 
rule between SO^and 200«C and preferably between 90 and 
120<>C. 

The pressure is not critical and may e.g. be 

15 between 4 and 2 0 MPa. 

The molar ratio of hydrogen to carbon monoxide 
may e.g. be between 1:10 and 10:1. This ratio affects the 
ratio of the yield of formyl carboxylic acids to the yield 
of dicarboxylic acids. The dicarboxylic acids content of 
20 the resulting reaction mixture will increase as more 

carbon monoxide is used. If the desired product is formyl 
carboxylic acid, the molar ratio of carbon monoxide to 
hydrogen will be about 1:1. If a significant amount of 
dicarboxylic acids is desired, the molar excess of carbon 
25 monoxide relative to hydrogen is higher than 5. 

The molar ratio of unsaturated carboxylic acid 
to platinum as a rule is between 100:1 and 1000:1 but 
preferably between 400:1 and 600:1. 

The molar ratio of unsaturated carboxylic acid 
30 and water as a rule lies between 1:20 and 1:2. 

The hydrof ormylation is preferably performed 
continuously. The process of the invention can 
advantageously be conducted in a manner wherein the 
hydroformylation takes place in a first step (a reaction 
35 zone), followed by a second step in which the catalyst is 
separated from the product. Examples of possible reaction 
zones are one or more continuously stirred tank reactors 
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or a tubular reactor • Since the catalyst readily dissolves 
in the water phase, the formyl carboxylic acids can easily 
be separated from the catalyst-containing water phase. 
Possible separation techniques are for example 
5 distillation, crystallization and extraction. The reaction 
products are preferably isolated from the water phase by 
means of extraction with a less polar organic solvent. 
Possible organic solvents are, for instance, aromatic 
solvents such as benzene, toluene, xylene and ethers, for 

10 example diethylether , methyl t-butyl ether, esters, for 

example butylacetate , ethylacetate and other solvents, for 
example dichloromethane, 1 , 2-dichloroethane, dioxane, 
diglyme. After the products have been separated from the 
water phase, the catalyst-containing water phase may 

15 advantageously be recirculated to the reaction zone. An 
advantage of the catalyst system according to the 
invention is that no or hardly any platinum and ligand is 
lost when the products are extracted by the organic 
extraction agent. 

20 The linear formyl carboxylic acid or the linear 

f ormylnitr ile can be separated from the other by-products, 
for example the non-linear aldehyde by-products, by normal 
separation techniques, for example crystallization, 
extraction or distillation, for example extractive 

25 distillation. 

The invention also relates to a process for the 
preparation of terminal dicarboxylic acids in general and 
of adipic acid in particular starting from the (terminal) 
w-f prmylcarboxylic acid and 5-f ormylvaler ic acid 

30 respectively, which starting compound is obtained by the 
above described process. The yield of dicarboxylic acids 
prepared by the aforementioned process will in this 
process be increased by oxidizing the formyl carboxylic 
acid formed, preferably in the presence of the already 

35 formed dicarboxylic acids. Such oxidation is described in, 
for instance, EP-A-295551, EP-A-131860 and in Basic 
Principles of Organic Chemistry (J.D. Roberts, M.C. 
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Caserior 2nd ed. , pp 712-713) • As a rule, the formyl 
carboxylic acid is oxidized at 50 to 80«>C in the presence 
of oxygen or an oxygen-containing gas, optionally in the 
presence of a catalyst. That catalyst may be for instance 
5 an Mn or Co-containing catalyst. 

The invention in addition relates to a process 
for the preparation of terminal aminocarboxylic acid and 
especially 6-aminocaproic acid. For example the 5-formyl- 
valeric acid prepared by the process according to the 

10 invention can advantageously be converted into the 6- 

aminocaproic acid by reductive amination (with hydrogen 
and ammonia). The reductive amination of the 5-formyl 
valeric acid can be effected using the process described 
in, for instance, US-A-4950429 . As a rule, the reductive 

15 amination is effected with an excess of ammonia and 

hydrogen in the presence of a hydrogenation catalyst and 
optionally a solvent at a temperature of from 50 to ISO^^C 
and at increased pressure of from 1.0 to 40 MPa. Examples 
of suitable solvents are water and mono or polyhydric 

20 alcohols having from 1 to 5 carbon atoms. Water is 
preferably used. 

Examples of suitable hydrogenation catalysts are 
metals from Group VIII of the Periodic System of Elements 
(CAS version, from Chemical and Engineering News, 63(5), 

25 27, 1985). Examples of such catalysts are cobalt and 

nickel catalysts and the noble-metal catalysts ruthenium, 
platinum and palladium. The catalysts may contain 
activity-enhancing additives. Examples of such additives 
are Zr, Mn, Cu and Cr • The catalysts may consist in their 

30 entirety of the above-mentioned elements or of a carrier, 
for instance aluminium oxide, kiesel gel, activated 
carbon, carrying the active metals. For more information 
on how the reductive amination should be conducted, 
reference is for brevity made to the aforementioned US-A- 

35 4950429. 

6-arainocaproic acid prepared by the above 
described process starting from 5-formyl valeric acid can 
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advantageously be converted into E-caprolactam by means of 
ring closure at ISO-SVCC in a suitable solvent, for 
example an Cj.-C« alkanol or water. 

With the above described process for preparing 
5 E-caprolactam it is possible to diminish the number of 
process steps compared to for example the process 
described in DS-A-4950429. DS-A-4950429 describes a 
process in which a 5-f ormylvalerate ester, obtained by 
hydroformylation, is first saponified to 5-f ormylvaler ic 

10 acid, then converted to 6-aminocaproic acid by means of 
reductive amination and subsequently the 6-aminocaproic 
acid is cyclisized to s-caprolactam. With the process 
according to the invention it is possible to directly 
start the reductive amination with the product of the 

15 hydroformylation without an additional saponification. 

The invention will now be elucidated with 
reference to the following non-limiting examples. The 
selectivity mentioned in the examples is calculated as 
the molar amount of the specific product formed relative 

20 to the molar amount of substrate converted times 100%. 

Example I 

The following were weighed into a l50-ml 
Hastalloy C autoclave: 37.4 mg (0.1 mmol) of CODPtCl^ (COD 

25 = 1 , 5-cyclooctadiene) and 89.7 mg (0.1 mmol) of 

tetrasulphonated trans-1 , 2-bis (diphenylphosphino- 
methylene)cyclobutane in 45 ml of degassed water. After 
half an hour of stirring, 4.9 g of freshly distilled 3- 
pentenoic acid was added and the autoclave was heated to 

30 lOO'C at 5.0 MPa with CO/H2 = l (mol/mol). The final 
pressure was adjusted to 8.0 MPa with the CO/Hj gas 
mixture. After 4 hours the reaction mixture was cooled, 
depressurized and the aqueous mixture was extracted with 
3x100 ml of diethyl ether. The etheral phases were 

35 collected and the residual aqueous phase was evaporated at 
50"C, 50 mm Hg. Next, 200 ml of toluene and 1.0 g of 
decane was added. This organic layer was analyzed by 
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gaschroroatography (GC). The water phase was evaporated 
until a solid residue remained. The obtained residue was 
dissolved in diethylether and after adding 0.2 g of decane 
the solution was analyzed by GC. This brought the overall 
mass balance to 94.1%, conversion : 80.3%, selectivity for 
aldehydes: 83%, N/Br (= linear aldehyde/branched 
aldehyde)= 3.4, selectivity for valeric acid: 4.6%, 
selectivity for adipic acid: 8.1%. 



10 Example II 

Example I was repeated except that the 
tetrasulphonated t rans-1 , 2-bis (diphenylphosphino- 
methylene ) cyclobutane was replaced by monosulphonated 
trans-1, 2- (diphenylphosphinomethylene) cyclobutane. 
15 The conversion was 23.5%. The selectivity for aldehydes 
was 94.6%, N/Br =5.25, selectivity for valeric acid was 
4.9%. No dicarboxylic acids were formed. 

Example III 

20 Example I was repeated except that 2-pentenoic 

acid was used in place of 3-pentenoic acid. 

After 3 hours of reaction time, the conversion 
was 37.1%, the selectivity for aldehydes was 84.2%, N/Br 
was 3.5, the selectivity for valeric acid was 5.7 and the 

25 selectivity for dicarboxylic acids was 9.4%. 



Example IV 

Example I was repeated except with that 30 ml of 
degassed toluene and 17.5 pi (0.2 mmol ) tr if luoromethane- 
30 sulphuric acid were added to the aqueous mixture (before 
the addition of the substrate in the process of 
Example I). 

After 3.5 hours of reaction time a conversion of 86% was 
reached. The selectivity to aldehydes was 86.9% with N/Br 
35 of 3.9. The selectivity to valeric acid and dicarboxylic 
acids was 5.2% and 7.2%, respectively. 
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Example V 

Example I was repeated except with that, one 
half of the amounts of CODFtClj and the phosphine ligand 
of Example I were used and the reaction was carried out at 
5 130 oc under 100 bar of CO/Hj = 1/1. After 1 hour of 

reaction time the conversion was 68%, the selectivity to 
aldehydes was 71.8% with N/Br of 3.0. The selectivity to 
valeric acid and dicarboxylic acid was 16.8% and 11.2%, 
respectively. 

10 

Example VI 

Example I was repeated except with thatr 58.4 mg 
(0.1 mmol) of trans-1 •2-bis[ phenyl- {4-lithi\imsulf onato-1- 
butyl )phosphinomethylene]cyclobutane was used instead of 
15 the tetrasulphonated phosphine. After 5 hours of reaction 
time a conversion of 35.2% was reached. The selectivity to 
aldehydes was 90.7% with a N/Br of 2.6. The selectivity to 
valeric acid was 9.3%. No dicarboxylic acid products were 
obtained. 

20 

Example VII 

Example I was repeated except with that, 41.1 mg 
(0.1 mmol) Ft (COD) 2 was used instead of CODPtClj and 30 ml 
of degassed toluene was added before the addition of the 
25 substrate. After 4 hours of reaction time a conversion of 
72.5% was reached. The selectivity to aldehydes was 86.5% 
with a N/Br of 4.0. The selectivity to valeric acid and 
dicarboxylic acids was 4.5% and 9.0%, respectively. 

3 0 Example VIII 

Example I was repeated using 5.3 g of 3- 
pentenoic acid. The pressure was relieved after the 
reaction mixture had cooled down. The aqueous reaction 
mixture was then extracted with ether (3 x 50 ml) under a 

35 nitrogen atmosphere. After this first cycle the ether 
phase was analyzed by GC. The amounts of products and 
starting materials in the ether layer are given in Table 
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!• Hereafter, an amount of fresh 3-pentenoic acid was 
added to the aqueous phase (Table 1, column 1), whereupon 
the reaction was repeated in the manner described above. 
This cycle was repeated five times. The etheral extract 
5 was analyzed by GC after each cycle. After the last cycle 
the water phase was also analyzed by GC. 
Table 1 shows the amounts of 3-pentenoic acid and the 
results of each cycle. These results indicate that the 
catalyst can readily be reused while retaining its 
10 activity. 

The total conversion after 4 cycles was 78.8%. 
The selectivity for valeric acid was 6.2%, for 5- 
f ormylvaler ic acid 62%, for total f ormylvaler ic acids 
80.3%, for dicarboxylic acids 11.4%. N/Br was 3.4. 

15 

Example IX 

Purification of 5-f ormylvaler ic acid (5 FVA) by 
crystallisation: 3.0 g mixture of 5-f ormylvaler ic acid 
(80%), 4-f ormylvaler ic acid (16%) and 3-f ormylvaler ic acid 

20 (4%), obtained by the process according to the invention, 
was dissolved in methyl tert-butyl ether at room 
temperature. Upon cooling at -20°C, 1.4 g of a white 
crystalline material was obtained. Melting point: 36-37®C. 
According to NMR and GC analysis this material 

25 consisted of more than 96 % of 5-f ormylvaler ic acid. 

Example X 

The following were weighed into a 150-ml 
hastalloy C autoclave: 37.4 mg of CODPtCLj (COD = 1,5- 

30 cyclooctadiene) and 90 mg of tetra sulphonated trans-1,2- 
bis (diphenylphosphino-methylene)cyclobutane in 45 ml of 
degassed water. After half an hour, 4.43 g of trans-3- 
pentenenitr ile was added and the autoclave was heated to 
lOO^C at 5.0 MPa with CO/Hj = 1. The final pressure was 

35 adjusted to 8.0 MPa with the same CO/Hj mixture. After 4 
hours the reaction mixture was cooled and the water layer 
was extracted 3 times using 100 ml of diethylether • Next, 
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anisole was added to the ether layer as internal standard. 
The molar mass of all components was determined by GC-MS. 
Also, a portion of the ether layer was concentrated by 
evaporation and analyzed by and ^^C NMR. The following 
5 results were obtained in this way: Conversion: 20.7%. 

Total aldehyde selectivity: 91.4 wt.% (N/Br =6.6? N/Br = 
linear aldehyde/branched aldehyde). Selectivity to 
pentanenitrile: 3.7 wt.% and to carboxylic acid nitrile 
compounds: 3 wt.%. Practically no isomer ization to trans- 
10 2-pentenenitr ile was observed. 
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CLAIMS 



1. Process for the preparation of a linear co-formyl- 
carboxylic acid or a corresponding linear formyl- 

5 nit rile compound starting from an internally 

unsaturated C^-Cj^2 carboxylic acid or a corresponding 
ester or nitrile by means of hydrof ormylat ion in the 
presence of carbon monoxide, hydrogen and a catalyst 
system, characterized in that the hydrof ormylat ion is 
10 carried out in an aqueous medium and in that the 

catalyst system comprises platinxim and a water- 
soluble organic bidentate ligand. 

2. Process according to Claim 1, characterized in that 
the water-soluble bidentate ligand is represented by 

15 the following general formula: R^R^-M^-R-M^-R^R* , where 

and represent a phosphorus (P) atom, an antimony 
atom or an arsenic atom, R represents a divalent 
organic bridging group having at least three atoms, 
and where R^, R^, R^ and R* represent the same or 

20 different organic groups and where at least one 

hydrophilic group is substituted on R^, R^, r^, r« 
and/or R. 

3. Process according to Claim 2, characterized in that 
the bridging group R forms a rigid link between 

25 and 

4. Process according to any one of claims 1-3, 
characterized in that and are a phosphorus (P) 
atom. 

5. Process according to any one of Claims 2-4, 

30 characterized in that the hydrophilic group is a 

sulphonate group, -SOjZ, a phosphonate group, -PO3Z , a 
carboxylate group, -COOZ, or a cat ionic group of an 
ammonium salt -N{R5)3X, where 2 represents a cationic 
group, r5 represents an aliphatic hydrocarbon group 

35 having from 1 to 18 carbon atoms and X represents an 

anionic group* 
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Process according to any one of claims 1-5, 
characterized in that an acid with a pKa < 2 is 
present. 

Process according to any one of Claims 1-6, 
characterized in that an internally unsaturated 
carboxylic acid or ester or nitrile are represented 
by the following formulas 



CH3-CH=CH-CH2-L ( 1 ) 

CH3-CH2-CH=CH-L ( 2 ) 

in which L is 

-C=N, -C-OH or -C-OY^ 

s s 



in which is an alkyl group with 1 to 8 carbon 
atoms, an aryl group with 6 to 12 carbon atoms or an 
aralkyl group with 7 to 12 carbon atoms. 
Process for preparing a linear a)-f ormylcarboxylic 
acid according to any one of claims 1-7, 
characterized in that after the hydrof ormylat ion the 
f ormylcarboxylic acid is separated from the catalyst- 
containing aqueous mixture by means of extraction, in 
which the resulting aqueous mixture, containing the 
catalyst system, is returned to the hydrof ormylation 
in a continuous process* 

Process for preparing 6-aminocaproic acid via 
reductive amination starting from 5-formyl valeric 
acid, characterized in that the 5-f ormylvaler ic acid 
is prepared using the process according to any one of 
Claims 7-8. 

Process for preparing E~caprolactam starting from 6- 
aminocaproic acid obtained by the process according 
to Claim 9, in which process 6-aminocaproic acid is 
converted into e-caprolactam by means of ring closure 
at 150-370*'C in a solvent. 
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11. Process for the preparation of adipic acid starting 
from a mixture of adipic acid and 5-f ormylvaler ic 
acid obtained by the process according to claim 7, i 
which the 5-f ormylvaler ic acid is oxydized to adipic 

5 acid. 

12. Process as substantially described in the 
specification and the examples* 
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